The aim of the study was to assess the determinants of increased QT interval parameters in diabetic patients with arterial hypertension and, in particular, the strength of their relationships to echocardiographically derived left ventricular mass (LVM) and geometric patterns. In a cross-sectional study with 289 hypertensive type 2 diabetic outpatients, maximal QT and QT c (heart ratecorrected) intervals, and QT, QT c , and number-of-leadsadjusted QT interval dispersions were manually measured from standard baseline 12-lead ECGs. Electrocardiographic criteria for left ventricular hypertrophy (LVH) were either Sokolow-Lyon or Cornell sex-specific voltages. LVM and geometric patterns were determined by 2D echocardiography. Statistical analyses involved bivariate tests (Mann-Whitney, v 2 , Spearman's correlation coefficients, ANOVA and receiver-operating-characteristic (ROC) curve analyses) and multivariate tests (multiple linear and logistic regressions). QT dispersion measurements showed significant correlations with echocardiographic LVM (r ¼ 0.26-0.27). ROC curves demonstrated a poor isolated predictive performance of all QT parameters for detection of LVH (areas under curve: 0.58-0.59), comparable to that of electrocardiographic voltage criteria. Only patients with concentric hypertrophy had significantly increased QT dispersion (QT d ) when compared to those with normal geometries (64.24 7 21.09 vs 53.20 7 15.35, Po0.05). In multivariate analyses, both electrocardiographic and echocardiographic LVH were independent predictors of increased QT d , as well as only QT d and gender were determinants of LVM. In conclusion, increased QT interval dispersion is associated with LVM and concentric hypertrophy geometric pattern in diabetic hypertensive patients, although in isolation neither QT d nor any QT parameter presents enough predictive performance to be recommended as screening procedures for detection of LVH.
Introduction
Since its initial description, 1 electrocardiographic QT interval dispersion, the greatest interlead variability of QT intervals, is presumed to represent ventricular repolarization inhomogeneity and a potential risk marker for the occurrence of lifethreatening ventricular arrhythmias. Indeed, many reports had evaluated QT interval parameters as cardiovascular mortality predictors in several pathological conditions, such as long-QT syndromes, 2 coronary artery disease, 3, 4 heart failure of different etiologies, 5, 6 other cardiopathies, 7, 8 diabetes mellitus 9,10 and in population-based studies, 11, 12 with controverse results. 13 In patients with arterial hypertension, QT interval parameters have mainly been associated with left ventricular mass (LVM), [14] [15] [16] [17] [18] although a recent report suggested that they are no better than simple electrocardiographic voltage criteria for detection of left ventricular hypertrophy (LVH). 19 In diabetic patients, QT parameters have been correlated not only with the presence of cardiac dysautonomia, 20 coronary artery disease, 21 diabetic degenerative complications 22 and microalbuminuria, 23 but also with the presence of arterial hypertension and LVH. 24 In view of these reports, we investigated in a cross-sectional design study the relationships between five QT interval parameters (maximal QT and QT c duration, and QT, QT c and number of leads-adjusted QT interval dispersion) and several clinical, electrocardiographic and 2D echocardiographic variables, with particular attention to their associations with LVM and geometric patterns, since they constitute important prognostic factors in patients with arterial hypertension. 25, 26 Methods
Subjects
This was a cross-sectional study of the hypertensive subgroup of a diabetic cohort enrolled consecutively from July 1994 to June 1996. The inclusion and diagnostic criteria and the baseline procedures have been detailed elsewhere. 10, 24 A total of 289 patients (59% of the total 512 diabetics) had arterial hypertension, defined by a mean casual office blood pressure measured in a 1-year period (6 months before and after the admission ECG) greater than 140/90 mmHg or by being on any antihypertensive treatment. Blood pressure was measured in the nondominant arm using a mercury manometer and a suitably sized cuff, with the patient in the sitting position after a minimum of 10-min rest. Systolic (SBP) and diastolic (DBP) pressures were considered as the first and fifth phases of Korotkoff sounds. Pulse pressures (PP) were calculated as SBP À DBP and mean arterial pressures (MAP) as DBP+(PP/3). Laboratory variables (fasting plasma glucose, fructosamin and lipid profile) were also mean values obtained during the same 1-year period.
Electrocardiography
Standard 12-lead ECGs were recorded in the same equipment (Cardiofax V electrocardiograph, NihonKohden) and response frequencies at 25 mm/s paper speed and 10 mm/mV amplitude. Electrocardiographic criteria for LVH (ECG-LVH) were either Sokolow-Lyon 27 (SV1+RV5 or V6X3.5 mV) or Cornell sex-specific 28 (SV3+RaVLX2.0 mV in women or 2.8 mV in men). ECG-LVH was established by a single independent observer unaware of other patient data. QT interval durations were measured manually in every ECG lead where possible (a minimum of eight leads and three precordial ones was necessary), as previously described, 24 by another single-blinded observer. Briefly, QT intervals were measured from the beginning of the QRS complex to the end of the T wave, defined as the visual return to the TP baseline or as the nadir between T and U waves. Five QT interval parameters were obtained: maximum QT interval duration (QT max ), maximum Bazett's formula 29 32 (4198 g for women and 4294 g for men). Relative wall thickness (RWT) was measured as the ratio of 2 (PWT/LVEDD), and considered increased if greater than 0.43. Patterns of left ventricular geometry were defined according to the presence of increased LVM or RWT: 33 (1) normal geometry (normal LVM and RWT); (2) concentric remodelling (normal LVM and increased RWT); (3) eccentric hypertrophy (increased LVM and normal RWT); and (4) concentric hypertrophy (increased LVM and RWT).
Statistical analyses
Continuous data were described as means and standard deviations. Bivariate comparisons between patients grouped according to the upper quartile value of QT d (60 ms) were assessed by nonparametric Mann-Whitney U-test or w 2 test, when appropriate. Spearman's rank coefficients of correlation were used to evaluate associations between QT interval parameters and echocardiographic variables. Comparisons of QT parameters between different left ventricular geometric patterns were performed by nonparametric ANOVA (KruskallWallis test) with Bonferroni's post hoc tests to assess differences between normal and each abnormal geometry. Individual performance of QT interval parameters for detection of ECHO-LVH was tested by receiver-operating-characteristic (ROC) curve analyses, describing areas under curve with their 95% confidence intervals (95% CI). Finally, two different multivariate statistical analyses were performed. First, a logistic regression to establish the independent predictors of increased QT dispersion (dependent variable: QT d dichotomized at the upper quartile value), either including or not LVM in the logistic model. Odds ratio and their 95% CI were calculated for each selected predictive variable. Second, a multiple linear regression to establish the variables associated with the LVM (the dependent variable), adjusted for age and gender. Regression coefficients with their 95% CI and partial correlation coefficients were presented. In both multivariate analyses, a backward stepwise modeling strategy was used with the criteria of a P-value o0.20 to enter and a P-value o0.10 to remain in the models. All statistical analyses were performed using the STATA statistical package version 7.0, and a two-tailed P-value o0.05 was considered significant.
Results
Baseline characteristics and bivariate analyses between patients with and without increased QT dispersion Table 1 shows the baseline characteristics of all 289 patients and of subgroups divided according to upper quartile QT d value (460 ms). Patients in the upper quartile of QT d were older, had diabetes of longer duration, a greater prevalence of heart failure and ECG-LVH, and increased SBP and LVM in comparison to patients in the lower quartiles. No difference in the prevalences of diabetic complications or in the use of antihypertensive drugs was observed.
Relationships between QT parameters and echocardiographic measurements
The correlation coefficients between QT interval parameters and echocardiographic measurements of wall thicknesses and LVM are shown in Table 2 and the scatter plot between QT d and LVM in Figure 1 . The three dispersion parameters showed stronger correlations than maximal QT intervals, although all associations were only of modest strength.
Individual performances of QT parameters for detection of ECHO-LVH
ECG-LVH (either Sokolow-Lyon or Cornell) showed a specificity of 84% and a sensitivity of 32% for detection of ECHO-LVH. ROC curve analyses of QT interval parameters demonstrated that no QT parameter performed better than ECG-LVH for detection of ECHO-LVH. Areas under ROC curves were 0.58 (95% CI: 0.48-0.68) for QT d , 0.59 (95% CI: 0.49-0.69) for QT cd and 0.54 (95% CI: 0.44-0.65) for QT cmax . A QT cd greater than 78 ms, for instance, had a specificity of 82% and a sensitivity of 33% for detection of ECHO-LVH, thus equivalent to that of ECG criteria. Figure 2 shows the ROC curve of QT d for detection of ECHO-LVH.
Relationship between QT parameters and left ventricular geometric patterns
A total of 80 patients (64%) had abnormal left ventricular geometric patterns, eccentric and concentric hypertrophy predominated. Table 3 shows that only the subgroup of patients with concentric hypertrophy had increased QT dispersion when compared to those with normal geometry. No differences could be demonstrated in maximal QT interval durations. Table 4 shows the results of multivariate logistic regression for prediction of increased QT d . It demonstrated that the main determinants of increased QT d were the mean office SBP, the diabetes duration, the presence of electrocardiographic criteria for LVH and the echocardiographic LVM, that substituted SBP in the second model. Table 5 presents the results of multiple linear regression for associations with LVM. Adjusted for age, only gender and QT interval dispersion were significantly correlated with LVM. Electrocardiographic criteria for LVH were not selected.
Predictors of increased QT interval dispersion

Multivariate associates of LVM
Discussion
The present study has two main findings. First, QT interval parameters, in particular QT interval dispersion and its correlated rate-corrected and number of leads-adjusted QT d , were associated with echocardiographically estimated LVM, both in bivariate and in multivariate analyses. Particularly in multivariate analysis, we demonstrated that LVM was an independent predictor of increased QT d and that, on the other hand, QT d was the only variable associated with LVM, beyond male gender. Second, that in isolation no QT interval parameter performed better than simple electrocardiographic voltage criteria for detection of echocardiographic LVH. Thus, neither QT dispersion nor any other QT parameter measurement should be recommended as isolated screening methods for stratifying the risk of LVH in hypertensive patients with diabetes mellitus.
The strength of the relationship between QT interval parameters and echocardiographic LVM demonstrated here (r ¼ 0.26-0.27, for interval dispersions) is lower than that reported in some studies, 14, 16, 17, 34 but equivalent to or higher than that reported in others. 15, 19, 35, 36 It should be recognized, however, that the relationships between QT parameters and LVM observed in all studies, with few exceptions, 34, 37 were fairly weak. Only two other investigations 14, 19 specifically addressed the question of whether QT parameters could be used to identify hypertensive patients at risk of having LVH, that is, as a screening procedure for detection of LVH. Our results support the findings of Chapman et al 19 in that no QT parameter performed better than simple electrocardiographic voltage criteria, when used in isolation, for detection of echocardiographically derived LVH.
The relationships between QT interval parameters and left ventricular geometric patterns have been evaluated in three other studies. 18, 38, 39 Two of them 18 ,38 corroborated our findings that patients with concentric hypertrophy had increased QT dispersion when compared to those with normal left ventricular geometry. The other, 39 that found no differences, had only 11 patients in the concentric hypertrophy subgroup. This small sample size could possibly have led to a type II error. If the increased QT interval dispersion in the subgroup of hypertensives with the concentric hypertrophy geometric pattern is related to a greater susceptibility to serious ventricular arrhythmias, then it could explain the greater cardiovascular mortality associated with this left ventricular geometry, 25 although this point remains controverse. 40 QT interval dispersion is no longer believed to represent spatial inhomogeneity of repolarization throughout the ventricular myocardium, 13 as originally proposed.
1 Several recent studies 41, 42 have demonstrated that it probably indicates a global ventricular repolarization abnormality, reflected by an altered, more complex, spatial vectorcardiographic T-wave loop, as would be expected to occur in the hypertrophied myocardium with increased interstitial fibrosis. This is the most probable explanation, we think, for the observed association between LVM and QT interval dispersion. Whether this abnormal global ventricular repolarization pattern, reflected by an increased QT dispersion or prolonged QT c interval duration, constitutes a substrate for the occurrence of life-threatening arrhythmias, known to be present in the hypertrophied myocardium, 43 thus explaining the greater mortality associated with LVH, 25, 26, 44 remains an yet unsettled question.
An interesting finding of this study was the fact demonstrated in the logistic regression that both electrocardiographic and echocardiographic LVH were independent predictors of increased QT d , beyond diabetes duration. It has been recently reported 45 in a long-term follow-up study of an elderly population that both echocardiographic LVM and electrocardiographic voltage criteria for LVH provided independent prognostic information on mortality, especially in the hypertensive subjects. This aspect raises the possibility that QT dispersion could constitute a mortality prognostic marker in hypertensive patients, as it possibly includes both informations. This should be evaluated in future prospective studies. This study has some limitations, beyond those due to its cross-sectional design. First, no anthropometric measurements were performed, so LVM was not indexed to body surface. As in populationbased studies 11 no relationship was found between QT parameters and body mass index, and because the relationships between QT parameters and LVM demonstrated here were quite equivalent to those reported in other studies with LVM indexed to body surface, as already discussed, we think this fact probably did not influence our results. Another aspect is that, as our patients were all type 2 diabetics as well, possibly our results could not be applied to the general population of hypertensives without diabetes mellitus. Finally, the well-recognized poor reproducibility and lack of standardization, particularly important in QT interval dispersion measurements, 13 do not need to be overemphasized.
In conclusion, although QT parameters in general, and QT interval dispersion in particular, were mainly associated with echocardiographically derived LVM and concentric hypertrophy geometry, they did not present enough predictive performance to be recommended as screening procedures for identifying hypertensive diabetic patients at high risk of having LVH. Whether QT interval parameters could predict prognosis in hypertensive subjects independently of LVM is an issue that should be addressed in properly designed prospective studies. 
